We measured bone mineral density (BMD) of the proximal femur, lumbar spine, or both by dual photon absorptiometry in 205 normal volunteers (123 women and 82 men; age range 20 to 92 yr) and in 31 patients with hip fractures (26 women and 5 men; mean age, 78 yr). For normal women, the regression of BMD on age was negative and linear at each site; overall decrease during life was 58% in the femoral neck, 53% in the intertrochanteric region of the femur, and 42% in the lumbar spine. For normal men, the age regression was linear also; the rate of decrease in BMD was two-thirds of that in women for femoral neck and intertrochanteric femur but was only one-fourth of that in women for lumbar spine. This difference may explain why the female/male ratio is 2:1 for hip fractures but 8:1 for vertebral fractures. The standard deviation (Z-score) from the sex-specific age-adjusted normal mean in 26 women with hip fracture averaged −0.31 (P < 0.05) for the femoral neck, −0.53 (P < 0.01) for the intertrochanteric femur, and +0.24 (NS) for the lumbar spine; results were similar for 5 men with hip fractures. By contrast, for 27 additional women, ages 51-65 yr, with only nontraumatic vertebral fractures, the Z-score was −1.92 (P < 0.001) for the lumbar spine. Thus, […] Find the latest version: 
INTRODUCTION
Of the various fractures associated with osteoporosis, those of the proximal femur are by far the most serious. To enhance our understanding of the pathogenesis of this fracture, we need more information on (a) the pattern of bone loss from the proximal femur with aging in the general population, (b) whether differences in rates of bone loss with age account for differences in the incidence of hip fractures in men and women, (c) whether all or only a minority of elderly persons are at risk for fracture because of low bone mineral density (BMD)' of the proximal femur, and (d) whether patterns of bone loss are similar or dissimilar in patients with hip fracture and with vertebral fracture.
These issues could not be addressed previously because BMD of the proximal femur could not be ac-'Abbreviations used in this paper: BMC, bone mineral content; BMD, bone mineral density. 
METHODS
Normal subjects and patients. We made bone mineral measurements in three groups of investigational subjects. All subjects had BMD measurements made at the lumbar spine, midradius, and distal radius; some also had BMD determined at the intertrochanteric and femoral neck regions of the proximal femur (Table I) . Group For groups A, B, and C, all subjects were ambulatory. One elderly woman, age 86 yr, in group C had localized Paget's disease of the pelvis. One of the patients in group B with hip fracture and 65 of the patients in group C with vertebral fractures were receiving treatment with calcium, vitamin D, or sex steroids; none had previously received treatment with sodium fluoride. One patient in group A was receiving an oral hypoglycemic agent for diabetes mellitus. A few patients (4 in group A, 6 in group B, and 6 in group C) were taking thiazide diuretics. Otherwise none of the subjects had a history of renal, gastrointestinal, or hepatic diseases or any other diseases known to affect bone or were taking drugs known to affect bone. All had normal values for serum calcium and phosphorus and, with the exception of the one patient with coexistent Paget's disease, normal values for serum alkaline phosphatase.
Bone densitometry. BMD was determined at the midradius and distal radius, 2 cm proximal to the styloid process, by using the '25I absorptiometric ttbchnique as described by Cameron and Sorenson (4) . In our laboratory, this technique has a coefficient of variation of 3% for the midradius and 3-5% for the distal radius (5) . Bone mineral content (BMC) of the lumbar spine and proximal femur was determined by dual photon absorptiometry by our modification (1, 3) of the method of Mazess et al. (2) . Transmission scanning was done by using the two separate photon energies (44 and 100 keV) from a '5Gd source to allow computation of the BMC of bone independent of soft tissues. BMD, expressed in g/cm2, was derived by dividing BMC by the projected area of the scanned bone. Edge-detection, point-by-point BMD measurements, and data acquisition were computer-assisted. Intensity-modulated images of the spine and proximal femur were displayed on a 64 by 64 matrix with 16 gray levels. Interaction with a photoelectric pen allowed determination of the area of interest, which was translated into BMD values by computer algorithm. The areas of interest determined in our study were the L1-L4 region of the lumbar spine and the intertrochanteric and cervical regions of the femur. For normal subjects, the right proximal femur was scanned; for the patients with hip fractures, the contralateral femur was scanned. For this method, the coefficient of variation is 2.3% for the lumbar spine and 2.2% for the proximal femur.
The approximate contribution of the cortical and trabecular components of bone at the five scanning sites is as follows: midradius, >95% cortical bone; distal radius, 75% cortical and 25% trabecular bone; lumbar spine, >66% trabecular bone; intertrochanteric region of the femur, 50% cortical and 50% trabecular bone; and cervical region of the femur, 75% cortical and 25% trabecular bone. The estimates for the radius and proximal femur were based on analysis of bone obtained at autopsy from two subjects for each site. That for the vertebrae was obtained from the medical literature (6) .
Statistical methods. Two-and one-sample t tests were also performed. All P values were two-tailed.
RESULTS
Control subjects (group A). Table II gives the parameters for the regression equations for BMD on age in women. The age regression of the proximal femur was linear at both the cervical and intertrochanteric scanning sites. For the cervical region, bone diminution occurred at the rate of 0.0129 g/cm2 per year ( Fig. 1) . Overall, the predicted mean at age 90 yr was 58% less than the predicted mean at age 20 yr (Fig.  1 ). For the intertrochanteric region, bone diminution occurred at a rate of 0.0108 g/cm2 per year (Fig. 2) . Overall, the predicted mean at age 90 yr was 53% less than the predicted mean at age 20 yr (Fig. 2) . For both sites, regression analysis supported a simple linear function at all ages. There was no evidence of curvilinearity or of a more negative slope during the age interval of 51 to 65 yr. The age regression for BMD of the lumbar spine was linear. Bone diminution occurred at a rate of 0.0082 g/cm2 per year and, overall, the predicted mean at age 90 yr was 42% less than the predicted mean at age 20 yr. The age regression for BMD was best fit with cubic equations for the distal radius and midradius. The 18 additional control subjects older than 80 yr of age did not significantly change the previously reported (1) age regressions at the midradius and distal radius sites; the slope of bone diminution for the lumbar spine, however, was slightly flatter.
For men, bone diminution in the proximal femur also was linear at both sites; however, the rate was approximately two-thirds of that for women (Table III  and Figs. 3 
and 4).
Patients with hip fractures (group B). Age (yr) for patients with vertebral fracture. For women, this value was 0.95 g/cm2 for the femoral neck, 0.92 g/ cm2 for the intertrochanteric region of the femur, and 0.97 g/cm2 for the lumbar spine. These values were -2.4,-2.2, and -2.3 SD, respectively, below the mean BMD for a normal woman 30 yr of age.
DISCUSSION
In normal women, the age-related decrease in BMD for the proximal femur was best described with a single linear function. We have previously reported (3) that the age regression for vertebral BMD assessed by dual photon absorptiometry was linear also. Because both the present and the previous study were cross-sectional, no firm conclusion on linearity or nonlinearity of bone loss with aging can be made. In a longitudinal study using quantitative computed tomography, however, Cann et al. (7) demonstrated accelerated loss of the proximal femur) or not (for the lumbar spine and radius). Because these five sites vary considerably in from the centrum of vertebra during their proportional content of cortical and trabecular rs after oophorectomy.
bone, our results suggest that women with both types in BMD in the proximal femur for of hip fractures have proportionate loss of cortical and vmately two-thirds of that for women. trabecular bone. th the decrease in BMD in the lumbar 34 yr ago, Albright and Reifenstein (14) suggested hich was only approximately a fourth that there were two types of involutional osteopofor women (3) . This difference may rosis-a postmenopausal form caused by estrogen defemale/male ratio for hip fractures ficiency and a senile form caused by aging. Because whereas for vertebral fractures it is subsequent investigators failed to find a bimodal distribution (15) , the concept of two osteoporotic synhe age regression for proximal femoral dromes did not gain wide acceptance. In 1968, Newhad decreased to a level > 2 SD below ton-John and Morgan (16) hypothesized that the indulthood, and almost all individual crease in fracture incidence in elderly persons could w the threshold for hip fracture. Thus, be satisfactorily explained by the age-related decrease ttion of elderlv women annears to be in bone density. They questioned whether there was at risk for hip fracture. This may be true for men also, but to a lesser extent and at a later age.
The patients with hip fracture whom we studied were representative of the general population of elderly women. They did not have any recognizable disease known to cause bone loss. Although Aaron et al. (9) found histologic osteomalacia in 30% of patients having hip fracture in northern England, Wixson et al. (10) found that it occurred only rarely in patients having hip fractures in Detroit, MI. Even though we did not do bone histomorphometry studies on our patients with hip fracture, all of them had normal serum concentrations of calcium, phosphorus, and alkaline phosphatase, findings that suggest they did not have significant osteomalacia.
Although elderly women with hip fractures had lower values for BMD of the contralateral hip than For significance of difference from zero: P < 0.05, I P < 0.01, § P < 0.001. f Means refers to the mean deviation in SD from sex-specific age regression for normal subjects (Z-score); SD refers to the group variability (in SD) about the mean deviation. 0 t statistic from one-sample t test.
for patients with fracture than for the remainder of the aging population. This form appears to correspond to Newton-John and Morgan's model (16) ; as age-related bone loss ensues, more and more members of the aging population have BMD values below the threshold for fracture. Persons in whom fractures due to osteoporosis develop in the decade from 66 to 75 yr may represent a transitional phase. Thus, both epidemiologic and bone densitometric findings suggest that postmenopausal and senile osteoporosis, although perhaps related, are not identical. Further studies should be conducted to determine whether the two syndromes of osteoporosis have different etiologic mechanisms.
